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This report details the perform of the payload system during 
the operational phase of the Prograrillirtight Test Vehicle 1610. ; 
Lockheed Missiles and Space Company has the responsibility for 
evaluating payload performance under the Level of Effort and << . | 
System contracts, eed 
This document ia the’ final payload test and performance evalu 
report for Missions 1028-1 and 1028- 2 which was pcr et EFL 
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INTRODUCTION 


















This report presents the final performance evaluation of Missions 
1028-1 and 1028-2 of the Corona Program. The purpose of this report 
is to define the performance characteristics of the J-26 payload system 
and to identify the source of in-flight anomalies. ~ 


The performance evaluation was jointly conducted by representatives 
of Lockheed Missiles and Space Company (LMSC) and ITEK at the 
facilities of NPIC and AFSPPF. The off-line evaluation using Corona 
engineering photography acquired over the United States was performed 
at the individual contractors plants. 


The quantitative data used for this report is obtained from govern-. 
ment organizations. The diffuse density data, values and MTF/AIM 
resolution are produced by AFSPPF. The vehicle attitude error values. 
frame correlation times are made at NPIC who also supply the Pro- 


— and MTF/AIM resolution reports. Vas ’ 


Computer programs developed by A/P are “utilized to calculate ‘and oe 
plot the frequency distribution of the various contributors to image smear _. ae 
to permit analysis and correlation of the conditions of photography to the 
information content and quality of the acquired pictures. Computer 
analysis of the exposure, processing and illumination data provides the 
necessary data to analyze the exposure criteria selected for the mission. | 











SYSTEM PERFORMANCE oes eee 


A. MISSIONOBJECTIVES . 5 as 


The payload section of Mission 1028, placed into orbit by Flight Test 
Vehicle #1610 and LV-2A booster #451, consisted of two panoramic 
cameras, two Stellar-Index cameras, two Mark 5A recovery capsules and 
a space structure to enclose the cameras and provide mounting surfaces ms 
for all equipments. Figure 1-1 presents an inboard profile of the J-26  .. 
payload system. This Corona "J" system is designed to acquire search 
and reconnaissance photography of selected areas of the earth from 
orbital altitudes. The planned mission was two, 5 day photographic periods 
with no inactive period, 


B. MISSION DESCRIPTION 





The payload was launched from ‘Vandeubeng ‘air were Bane as fies eee 00 
at 2106:15 Z (1306:15 PST) on 24 December 1965. Ascent and | injection’ Tete.” 
normal and the achieved orbit was within nominal tolerances.” tert ba ae Siler 
command support was effected by the Air Force Satellite Control Facility. : 6 


consisting of tracking and command stations at ee 
under central | 
control of the Satellite Test Center at Sunnyvale, California. Mission 1028-1 


consisted of a five day photographic operation and was air recoveredon =. _ .|.,' 
29 December 1965. Mission 1028-2 was air recovered, after afourday = ..°"°" ¥“ 
operation, on 2 January 1966. The -2 mission was limited by battery life. ae 












The comparison of the planned and actual orbit parameters is tabulated 
as follows: 
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ORBITAL PARAMETERS | 


‘Orbit 1. 


Parameter Predicted Actuals 
Period (Min.) | 90.856 8 vate 
Perigee (N. M.) | 99. 99 | 97.44 
Apogee (N.M.) 244,71 | 244. 35 
Inclination (Deg. ) 79.99 80. 01 
Perigee Latitude (Deg. N. ) 19.11 19.06 
Eccentricity | | 0.02008 0. 02033 
C. PANORAMIC CAMERAS RR Gsbigs — . a Reet ae 


Z oy Re as ae 


The Master and Slave panoramic cameras Gperated throughout. 
missions with no significant problems and produced excellent photographie .- 
coverage. The cloud eover observed in the photography averaged 30% for = 
the entire flight. 


D. STELLAR-INDEX CAMERAS _ 7 a ee 


The S/I Camera #D77 operated satisfactorily on the -i mission, The ~ 
stellar photography on S/I #D74 was partially degraded by light fog due to 
the index camera shutter failing to open throughout the ~-2 mission. 


E. OTHER SUBSYSTEMS 5. vs 

The telemetry instrumentation, command, thermal control, clock; pres- 
sure make-up and recovery subsystems performed eamanioai J throughout 
both missions, 
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SECTION 2 te — 
PRE-FLIGHT SYSTEMSTEST oe 


A, ENVIRONMENTALTESTING = ©) 20000 %) 00 a TS 
1, Test Objective , 
As a standard procedure, the J payload systems are subjected to _ 
thermal/altitude environmental testing which simulates orbital © = - 


environment. One of the purposes of this test is to demonstrate . 
the system susceptibility to corona discharge. Such discharge 
fogs une film thus ‘degrading the i aaa ie ti 


Test Summary 


The J-26 payload system consisting of panoramic instruments | 
176 and 177 was in the TASC chamber at Sunnyvale for environ- ae eS 
mental testing during 30 July to 6 August 1965. : Testing consisted: ay 
of 14 orbits of operations in both the "A" and "'B"modes* witha 2355, eee 


vehicle deactivate/reactivate sequence conducted in between. eke Eee 







ie 


2 


The lowest internal camera pressure gavecleassd: was 1. glk > ot 
microns in the "B" mode. Corona was experienced from the = 
input metering roller, however it did not exceed the Spec Cae | 
tolerances. 

Dynamic operation of both instruments was usiatactesy Pee both * Sge 
"A" and "B" modes, Cycle rates were within + 1.5 percent for i 
the operations in the upper portion of the ramp. . K ee ee 


Both stellar/index units performed satisfactorily. 


’ The clock/IRIG ''C" correlation indicated a drift of approximately - 


2 milliseconds/hour during the "A" and ''B" modes and a discre- . 
pancy of approximately 1 second after the clock recycled. 


The TLM instrumentation was satisfactory except for the instrument 
#2 cycle counter which randomly lost counts during the “B" mode 
operations. 
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- ‘The pressure-make-up system éoeeated cerns with an average * 


gas consumption rate of 6.6 psi/min. fe 


Both "A" and “B" recovery sequences were satisfactory. Both 
instruments stowed properly for the "A" mode C & W operation, 


The deactivate/reactivate capability was successfully demonstrated e : 
between the "A" and "B" operations. Bothinstruments stowed $$. -.. 


normally for the deactivate operation sequence. aa . 


Panoramic Camera Performance 


The dynamic performance of both panoramic instruments was 
satisfactory as observed on the TLM monitors for Center of 
Format switch, lens Eotston, 99/101 clutch, and film as aa poe 


The average 99/101 percent clutch ratios for both instruments _. :s + os 
were 6/6. The ratios did not vary by more than one on either | rie 
side of the average value during the entire. testaiyFei.7 > RES 


ney t+. 
a. we get 











The cycle rate data for all of the stereo 5 operciiane are’ listed mn 
Table 2-1. Instrument cycle rate predictability was +1.5 per-* 
cent for the operations near the top of the ramp and + +3 percent _ * zc 
overall. The instruments operated within + 1 percent of each aan 2 1 
other. During the "A" operations instrument #2 generally ran as 
faster while for the ''B" operations the opposite was true. 


Mi 
The supply metering monitor indicated that the lens of both instra- ie ge Bi 
ments had an abnormally long coast period during a fast ira ee. 


in the "A" mode. ; “a A 

io 7 SSB 
The instruments operated for 5 cycles during the deactivate OS 
sequence. The cycle periods were 6.850 seconds for instrument - = -- 
#1 and 6.740 seconds for the #2 instrument. 2 4 feet 
Stellar /Index Performance . , | ce Bs 
Normal stellar/index operations were observed on TLM monitors a 3 
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3. 


for both units. The shutter and platen events occurred in proper Of 
relation to each metering cycle. Index and stellar metering §; — 
ratios were consistently 7/3 and &/$ throughout all operations _. 


observed with an occasional 6/3. =~ 2 a 

Clock Performance 0 | | =o ge 
' Several clock readouts during the test were correlated with the 

IRIG "C" time. The results are listed on Table 2-2. , 

The results indicated a large discrepancy (approximately 1 sec.) © 

following the clock (S/N 536) recycle. Also a drift of approxi- 

mately 2 milliseconds per hour was observed. This clock was 

replaced by clock S/N 535 for flight. e2- 2h me 


Instrumentation Performance 







instrument #2 cycle counter which randonily lost counts durt ie re 
the "B" mode operations, and (2) a CR Osea ont! 
1/R monitor also observed during "B" operations... ~ 





The instrument #2 counter lost counts going from the "9" to the * a7 
"9" position. The counter dropped 102 counts in approximately oa 
2600 cycles. 

Pressure Make-up System Performance - bias meee ce a ee ais 
Satisfactory operation was observed for the PMU unit. The | 7 - 
average consumption for the "A" operations was 6.6 psi/min. eee: 
Temperature Summary q 
Average instrument temperature for several orbits in the "A" and : 
''B" mode are listed below: . . am 
"A" Mode "B" Mode ~. - : ~. 
ORBIT pr ee. Se On: a C eae 
Inst. #1 | 87 81 73 66 45 SB 
Inst. #2 674 69 0 62 42 
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FLIGHT OPERATIONS > 


A, SUMMARY | ‘ th Te 


All launch, ascent and injection events occurred as programmed. Both 
Thor and Agena propulsion and guidance were normal, The desired orbit 
was achieved. . 


Both panoramic instruments operated waitatactartly throughout wi 
missions, Average cycle rate differences from pre-flight calibrations | 
indicated that both instruments ran approximately one percent slow. 


The -1 Stellar/Index camera operated satisfactorily. 
The -2 Stellar/Index camera operation was abnormal. An index shutter iM : 
malfunction resulted in excessive over exposure of the index film: during ate ts 5 9 










the -2 mission. ao Pa : Par 

The clock system, instrumentation and command eysterns, ‘and the” Se ae 

PMU system functioned normally throughout the flight. ae a % 
Both the -1 and -2 recovery systems were successfully recovered by 

air catch on orbits 81 and 144, respectively. : 

Results obtained from a power spectral density analysis ofthe | = . e 

vibration pickup data indicated overall rms g levels of 3.66 at ignition and ~~ 

2.35 in the transonic region. ie 

% 

B. PANORAMIC CAMERA PERFORMANCE 2 

Camera system dynamics were observed during several acquisitions. — S 


Film transport was normal for both instruments. Cycle rate data, as shown 
on Table 3-1, indicates that both instruments were running approximately 1% 
slower than pre-flight calibrations, The instruments ran within 1% of each 
other throughout the flight. Average 99/101 clutch ratios for both instruments 


mA 8. a 


were 6 cycles in the 99 position and 6 cycles in the 101 position. : 
3 4 
FMC Match | € 
, ~. & as a oe Saree 
The achieved orbit was near nominal. The FMC match throughout the ay 
flight was within tolerance. . Been ; to RR 

15 ne Ee oe. 


‘ 
aus 
‘ 
‘r * ") 
‘ oP 4 


i 
a 
fis 
re 
y 
1 fn 
boost 
. 
| ae 
5 to 
ae 
nek 
‘ 
te ry 
f 


‘ 
(. 
| 


ee ee 





Pre-launch - Frames ' 100 110 - 110 
-1 Mission - Frames 3000 2979 3007 
-2 Mission - Frames 2949 ~~ ~—«_ 2960 2932 | 
Total Frames 6049 6049% . 6049*# 














Panoramic Film Consumption 


These data are based on cycle counter readings and nominal film 


supply. 
; Actual 


Predicted | .Master Slave 


* Depletion was predicted during Orbit 135 descending. 


** Depletion was predicted “— Orbit 134 Serpents: 


oe n- 
- : -_ . 
. ss 


STELLAR/INDEX CAMERA ima ee f 
4 "§-* 
The -1 Stellar/Index camera operated normally during mission -1.. 


The -2 Stellar/Index camera did not function properly. The index 


film was excessively over exposed. Also the stellar film was intermittently  _ 


fogged. ptr 


engineering acquisitions, indicated that the shutter opened in the proper 
sequence at each seventh frame of panoramic camera operation. However, 
there is no way to determine from TLM the duration of the shutter open 
condition. 


that the number 3 programmer and S/I control box were operating in the - 
proper sequence. 


D. 


“ae .. ae FS 


The TLM monitor for the index shutter, as observed on the day time 


Smear pulses correlated with the index shutter monitor which oe: 


INSTRUMENTATION AND COMMAND SYSTEM PERFORMANCE 


Instrumentation 


* 


The instrumentation system performed piercer A throughout both 
missions. 


o,f 














A + 35 G vibration pica was inst alled on the tacward pyro electrical : a 
box to monitor ascent levels. This special monitor performed 
satisfactorily. 


Command System 


The payload system responded normally to all stored and real-time 
commands. No operational problems were encountered during the 
flight. 


E. CLOCK PERFORMANCE 


satisfactory. The clock/system 
quisitions are included on. 


The payload clock performance was 
time correlation data obtained from th 
Table 3-2. 






F, PRESSURE MAKE-UP SYSTEM PERFORMANCE * oe o ears 
’ ‘ ~ one * a es sd 

- The PMU system operated normally far caighicart the flighk “areeagy a ae iz 
gas consumption was 7.7 psi/min for a total instrument operate time of © | = 
245 minutes. The supply pressure dropped from 2660 psig at launch to 
780 psig at the end of -2 mission. 


The average consumption rate was 6.9 psi/min for the -1 mission and 
8.4 psi/min for the -2 mission. ee a3 ee 


ooh 


G. THERMAL ENVIRONMENT 


The temperature data obtained from the acquisitions are contained 
in Table 3-3. Average panoramic camera temperatures varied from 68 to 86°R 
during the flight. The actual system temperatures versus the predicted system 
temperatures for the major components are compared in Figures 3-1 to 3-3. 


H.. ASCENT VIBRATION 


The vibration pick-up was installed on the pyro junction box cover in the 
recovery barrel. High activity occurred at launch ignition and in the transonic sw 
region. Results of a power spectral density analysis show os rms J = 
of 3.66 at ignition and 2.35 in the transonic region. ° 
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; : “INST 17600 INST. 177 = “176/177° 
REV/HODE RAMP T.UeRe ACT. CAL. DEV. ACT. CAL. ie “DIFF.” 





82 5.4485, 560, 2. O2F - 5.394 5.538 2.60F .-0.99 


oo A 8 2” 
16 A 68 2 (lese 2. 270 20232 15698 ” 26250: 2.236'0.625 ~0288" ,° 
31 +A 8 2 1670 2.260 2.234 1.185 © 2.245 2.238 0.335 30.66 
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655 0 8 2 21910 24260 2.225 1.565 2.240 2.228 (0.565 5 =0.88 
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“ORDER FIT 2 a : : 
SYS TIME I/P CL TIME I/P | comp SYS ™ DELTA $7 REV 
00 372403850 OF... 062250511560 06 043724038970 05 -C.0087 8 9 
0.776534770 05 042676642250 06. 0+7705347900 05 0.0020 16 
0.32594290D0 05 0643097850340 06 043259428830 05 0.0017 2% 
0.722997780_ 05__ 065494905510 06_. _0.7229978560 05, -0.0076 __ 31 
0.33309788D 05 °- 043969005340 06 0.3330979300 05 “20.0050 40 
06731003830 05 044366911210 06 0-7310937630 05 0.0087 47 
0.36106658D 05__.0.4840913910 06 0.3419064670 05 _ 0.0113 56 
0.737023509 05 045236930970 06 0-7376235300 05 =-6.0050 63 
02293404670 05 0426836026500 05 0-2934045330 05 0.0137 71 
0 ..745461830_05__0-7406601700 05__ 0-7454618570_05__=-0.0027___79 
6.306515780 05 021159714060 06 0.3065157500 05 0.0030 87 
G.697514980 05 041556713299 06 0-6975149830 05 -5.0003 9% 
02307275100 05 __ 062930473420 06. 0-3072751170 05_ =-0.0917 103 
06704148930 05 042427347210 06 047043489100 05 * 0.0020 110 
0.313965530 05 042901183800 05 03139855040 05 0.0026- 119 
0..71074008D_05___ 0329793539). 06 ___0-7167400970_05__=-0.0017_ 126 
0.32031826D 05 0463771516630 06 0-320318340D 05 <0. 0080 — ‘435 
0.710671068D 05 0.4167909190 06 0. 7267109030,05 30 
___ AC==0.19079074810 06 A1= .0+1000000007770-04 pect 


SIGMA=0.00565: NO. POINTS= 18. et iG 
RATIO OF CLOCK TIME TO ‘SYS Time= O06 sosssooszaz6r “005: 


. DELTA ST REV. 


SYS TIME I/P CL TIME I/P CcomP SYS ™ 
0.372%03830_05____0-2260321360 06 0-3724038410_05__=-0.0011-. 9g 
0.7765346779 05 042675442250 06 0.7705547530 O05 0.0017 16 
02325942900 05 063097650340 06 0232594286539 05 0.0037 24 
0-722997780_05___0234949053290 06 _ _0-7229976510_ 05 =-0.0071 31 
0.333509788D 05 023969005389 06 0.3330979380 05 ; 06 0088 40 
0.731003830 05 0443566911210 06 0-73100357810 0S°- 0.0049 4&7 
0.342006580_05___ 0 4840915920 Gd _ 023410034930. 05__ 0.0087 56 
0.73702350D0 05 045236930975 05 0.7370235610 05 =-0.0061 ~. 63. 
0.293404670 05 02288602650) ne 042934045670 05 0.0103 -71 
0.745461830_C65__0+ 7406661700 05___ 0.7456618909_05__-0.0060___79 
0.306535785 05 041159714065 08 0-300515781D 05 0.0001 87 
0.6975149680 05 0.1556725295 06  0-6975150100 05 0.0050 954 
0.307275100 G5_ 062030473425 06 _ 063072751550 05_. -0.0035 103 
62796156930 05 0462427347210 06  0+704146919D 05 0.0911 120 
0.333938553) 05 0-290112838CD 06 02313985499) 05 0.0031 - 119 
0..710740080. 0§___ 0. 32979358390 06. 0.7507400780 05. 0.9002 125 
C.329526260 05 0.3771526530 06 0263203283020 05 =-0.0942 135. : 
0.7367230880 05  0-4167909190 0&8 0.7167108470 OS 0.0033 i142 _ 

h92=0.1907907686D 06 Al= 0.1000000088760 01. 
h2=~0 .66645299460850-13 eae a a 
SIGMAZ0.00483 NO. POINTS= 18 2 fe Eee ee 
: : Te . an Ue cane: ak gee 4 toe th ES, 

a as rear os 3 
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Barrel #1 ("3") © 9 
1 _ OBE 51 
2 OBH 17 
3 OBH -4 
4 217 54 
5 OBH 75 
6 231+ 76 
1 -131 55 
2 125 57 
3 190 83 
4 212 75 
5 201 63 

Conic 

Adapter 
1 1k5 58 

Clock | 
1 90 74 
2 - 92 7h 

Thrust Cone "A" 

to "B" SRV 
1 110 46 
2 T2 63 

Steller/Index 

Pa" to "B" 
1 Th 6 
2 65 é2 

Recovery 

Battery 

“B" SRV 

1 T2 75 

Master 

Cassette 

tg, SRV 


e 93 TS 


*#Qut of Bounds High (0BH) 
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HOTE: Only Thrust Cone Data corrected for Self-heating. — 
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SECTION 4 


MISSION 1028-1 RECOVERY SYSTEM 


a 7 


SRV #703 was received at A/P on 24 May 1965. The receiving inspectior — 
weight was 146.6 pounds. After modifications and incorporation of outstanding _ 
Engineering Orders, the unit was delivered to Systems Test for installation 
into the J-26 system. 


The Recovery System was shipped to VAFB on 2 December 1965. 


A successful air catch was made during Orbit 81 on 29 December 1965 
at 1615 PST. The impact point was within predicted tolerances. 


Predicted Impact 23° - 59.6' N 169° - 34.6' W 


Actual Impact 23° - - 58'N. _ 169° 2 42! W, 


ME RE 
All recovery event times were within the required tolerances. . am ' | 
shows the time sequence of recovery events. ree ty meee vs <i : 


The condition of the recovered capsule was vormal.” 














MISSION 1028-1 


RE-ENTRY SEQUENCE OF EVENTS , 7 
Delta Time (Seconds) ty Oe ae 
Event | Actual Nominal = **~ 
* Arm N/A 77.0 +1.0 
** Transfer N/A. 2.0 +0, 25 
Electrical Disconnect N/A 0.90 + 0.43 
— 0.40 
Separation | . ee | -- 
**Spin N/A : 3.40 + 0. 80 
Retro N/A 7.55 + 0.45 
Despin 10.62 —— . 10.75 + 0.69 
Seg, ate SE temas A eee 
T/C Separation oo LSt 1.5 (+02 
#22"G" Switch Open | 478.4 |. 400.2 = Safa ees 
Parachute Cover Off | 33, 94 * 34.0 + ee Sane wed ess 
Drogue Chute Deployed 0.63 0.63 + 0. 08 | 
Main Chute Bag Separate 9.79 10.25 + 1.5 
Main Chute Deployed 0.55 ~° 0.52 40,1380. - - Me 
Main Chute Disreef 4.68 - 4,540.8 . | 
* From Separation 
** From Electrical Disconre ct 
#%¢* From Retro 
Spin Rates (RPM) N/A 
Despin Rates (RPM) N/A | 2S wile 
Retro Velocity (Ft. /Sec. ) 968 | : 
TABLE 4-1 
26 : oe ots 
2, ine ae “2 = : . tk > 
Te AES ae Bae? Oe OY Sue 8 Sagat 










SECTION 5 
MISSION 1028-2 RECOVERY SYSTEM 
SRV #704 was received at A/P on 24 May 1965. The receiving 
inspection weight was 150.8 pounds. After modifications and incorporation 
of outstanding Engineering Orders, the unit was delivered to Systems Test 
for installation into the J-26 System. 
The Recovery System was shipped to VAFB on 2 December 1965. 


A successful air catch was made during Orbit 144 on 2 January 1966 
at 1552 PST, The impact point was within predicted tolerances. 


Predicted Impact 22°-52)N 167°- 18.4! W 


Actual Impact 22° - 54! See 167° - 25' W. 
+ Rs ie ae 


All recovery event times were within the peqcived tolerances. 
Table 5-1 shows the time sequence of recovery events. ~ = 


The condition of‘the recovered capsule was normal. 





MISSION 1028-2 . * ee 


RE-ENTRY SEQUENCE OF EVENTS 
| | ‘Delta Time (Seconds) , eee 
Event Actual Nominal a 
*Arm 76,77 77,.0+1.0 
*Transfer 2,04 2.0 + 0.25 
Electrical Disconnect 0.84 0.90 + 0.43 
~ 0.40 
Separation == =< 
**Spin | 3.45 3.4 +0. 30 
Retro 7.60 7.55 + 0.45 
Despin - 7 — , 20,68 = £10.95 + 0.58 ig en. 
T/C Separation | - | 7 1,52. ne a < : - lst 0.16 gt a 
#9"G" Switch Open | B1L.0-%: 490, 2.< 812, 4 Es ae 
Parachute Cover Off . 33.80 ° 34,0+1.5 . mee = “ee e 
Drogue Chute Deployed 0.60 0.63+0.08° 
Main Chute Bag Separate 9th 10,25 +1.5 
Main Chute Deployed ; 0.55 0.524013 9. -#> 
Main Chute Disreef 4.10 |  4,50+40.80 — 
* From Separation : 
** From Electrical Disconnect 
*%* From Retro 2 
Spin Rates (RPM) 6.40 | pF ge ie 
Despin Rates (RPM) 12.75 . | 
Retro Velocity (Ft. /Sec. ) | 944 - 
TABLE 5-1 
: 28 po pes a 
: a ee 
7 ee. 
veh Sag ayes os “ERAT ro Be 
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COMPONENT ASSIGNMENT 


Component 


Main Camera 

Main Camera Lens 

Supply Horizon Camera 

Supply Horizon Camera Lens 
Take-up Horizon Camera 
Take-up Horizon Camera Lens 


Supply Cassette 


CAMERA DATA AND FLIGHT SETTINGS - 


Main Camera: 
Lens : 
Slit Width 
Filter Type o 
Film Type 
Supply (Port) Horizon Camera: 
Lens 
. Aperture Setting 
Exposure Time 
Filter Type 
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MASTER PANORAMIC CAMERA 


i 


he PA ere 8 apes Ayes 


Serial Number 


176 
1772435 
278-G4 
E12830 
274-G1 
816635 

SC- 5 


(SoS ee ae 
-- ET et ae te 
eee ee a ee 


a — oy 


~, 











es 


aa" 2/8.5 0 7 
0. 250" 

Wratten 25 
Eastman Type 3404 ~~) 0° 


55 mm £/6.3 
{/6.3 

1/100 second 
Wratten 25 





Take-up (Starboard) Horizon Camera: TO 
"Lens a | - 55 mm £/6.8 ; 
Aperture Setting f/8.0 a 
Exposure Time = 1/100 second 78 
Filter Type Wratten 25 ~ 


Cc. POST FLIGHT PERFORMANCE EVALUATION 


The image quality produced on this mission was considered by both 
the PEIR team and PI groups to be the best obtained in recent months. The . 
PI group described the coverage as having a crispness not obtained since 
last winter, A high contrast resolution target displayed a ground resolution 
of 7.5 feet along track and 11.5 feet cross track. As has been noted on most 
missions the Aft camera imagery is slightly better than the Forward looking _ 
camera. The MIP rating for the -1 and -2 mission was 85 and the selected 2 a ; 
frames were from the Aftcamera. wk vier oh 







The 200 cycle timing light operetad ideroiltenily and ‘the suber Be is 
varied in length. The probable cause was a marginal neon bulb”. =~ = 
Minor light leaks were traced to the felt seals and the jeiinaied stripe es 
on the instrument drum. es 


An out of focus condition occurred during passes D130 and D131. A 
manufacturing splice was located in this area and probably caused abnormal 
film tension. 7 jee ede 
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SLAVE PANORAMIC CAMERA - 


A. COMPONENT ASSIGNMENT £* 


Component 


Main Camera 

Main Camera Lens 

Supply Horizon Camera 
Supply Horizon Camera Lens 
Take-up Horizon Camera | 


Take-up Horizon Camera Lens 


Supply Cassette ee: 


CAMERA DATA AND FLIGHT SETTINGS ~ .- 
Main Camera: 
Lens 
Slit Width 
Filter Type 
Film Type 


Supply (Starboard) Horizon Camera: 
Lens 
Aperture Setting 
Exposure Time 
Filter Type 
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Serial Number 
177 


1752435 
279-G4 
E12865 





24" £/3.5 
0.175". 


Wratten 2l-- - Roy 

Eastman Type 3404 “=; 
ye x * 

55 mm f/6.3 

£/8.0 | 

1/100 second : 

Wratten 25 
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Take-up (Port) Horizon Camera: — ss _ 
Lens ‘$5 mm?¢/6.8 | ; 
Aperture Setting f/6.8 Ts es 
. i py cena © 
Exposure Time 1/100 second : me ime 
Filter Type Wratten 25 . 
Cc, POST FLIGHT PERFORMANCE EVALUATION 


The photographic quality and information content of the imagery produced 
by the Slave camera was excellent. The photography was degraded by the minor 
effects of the usual light leaks and the following anomalies. 


The horizon imagery on the starboard side (supply) was veiled from the 
start of the mission through pass D68. This veiling did not interfere with the 
data reduction. 





: . tee poke oT. ‘ 
A region of soft imagery was present cupcuptcat the mission.” Fy z 
located along the time track edge of the format and up to one-half inch wik 
This condition is possibly due to irregularity in tracking $ension, a 
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PANORAMIC CAMERA EXPOSURE 


The Master camera used a 0. 250 inch slit and a Wratten 25 filter while = °°: 
the Slave instrument was fitted with a 0.175 inch slit and a Wratten 21 filter. + <<“ * 
The resulting nominal exposure calls for processing between intermediate and — 
full development of EK type 3404 film. 


The frequency distribution of the solar elevations and solar azimuths 
encountered during the photographic operations are shown in Figures 8-1 to | 
8-4. 


The nominal exposure times are shown as a function of latitude for 
passes D-8, D-72, and D-136 in Figure 8-5 to 8-10. The predicted level 
of processing for the original negative is based on the in-flight performance 
estimate and is tabulated below with the processing levels reported by | 





el ae 
Mission §§ Camera | Primary oh * Intermediate... : 
1028-1 FWD Predicted ~ 0 _— a ee 
Reported 0 
1028-1 | AFT Predicted 0 
Reported - 0 16 
1028-2 FWD Predicted 0 3 
Reported l 9 
1028-2 AFT Predicted 0 10 
Reported 0 6 


The measured density values (D-Min., D-Max.) were lower than the a 
average values for past missions. The camera exposure settings are selected 
by weighing the predicted density versus image degradations resulting from image | 
motion. The mission used exposure times, which in combination with solar _ be 
altitudes produces low density values even with full processing development. It ; 
would be an aid in selecting exposure settings to have data describing the mnlesion's < 
operational target brightnesses. 
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SOLAR ELEVATION FREQUENCY DISTRIBUTION 


Mission Nos 
Payload No: 
Camera No: 
Inclinatione 
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SOLAR ZLSVATION FREQUENCY DISTRIBUTION 
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SOLAR AZIMUTH FREQUENCY DISTRIBUTION 


Mission Nos 
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Mission No: 
Payload Nos 
Camera No: 
Pass No: 
Launch Dates 
Launch Times 
Slit Width: 
Filter type: 
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SECTION 9 


DIFFUSE DENSITY MEASUREMENTS 


The diffuse density measurements made by AFSPPF were computer 
sorted at A/P to permit analysis of the density ranges encountered at the ° 
three processing levels. A study of sorting techniques showed that no 
absolute method was available to separate the density values as the accuracy 
of the Processing History published by EER: 2 per rather low 
and processing transition phases are not accounted for. The sorting technique 
selected uses the base plus fog density values where measurements up to 
0.09 density are considered as having received Primary processing, 0,10 
to 0.17 as Intermediate and above 0.17 density as Full. The percentage of 
original negative that was processed at each level, based on the computer 
sort, is tabulated below with the predicted and reported processing per- 
centages. 








Mission . Camera Primary . _Intermediate 3 
1028-1 = FWD © Predicted 0 4 96, 
Reported 0 4 % t . 
- Computed 0 "4 ~ 89 * 
1028-1 AFT Predicted 0 5 95 
Reported . 0 16 84 
: Computed 0 11 89 
1028-2 FWD Predicted 0 3 97 
Reported 1 9 90 
Computed 0 15 85 
1028-2 AFT Predicted 0 10 90 
Reported 0 6 94 
Computed 0 6 94 


The tabulations of density frequency distributions for Missions 1028-1 and 
1028-2 are included in Appendix A, Table A-1 through A-4. The graphical 
presentation of the density distribution are computer plotted in Appendix A, 
Figure A-1 through A-37. 
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A summary of the processing and exposure analysis is shown in 
Table 9-1, The terrain D-Min. criteria (range) for proper exposure and 
processing is 0.40 to 0.90 density units. 
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SECTION 10 


PERFORMANCE MEASUREMENTS 


The photography acquired by both panoramic cameras during Missions 
1028-1 and 1028-2 received a MIP rating of 85. A summary is tabulated 
below of the MTF/ AIM resolution values measured by AFSPPF andi 
The microdensimeter slit used by AFSPPF and was 
one micron by 80 microns. 








Mission Camera AFSPPF 

1028-1 FWD 81 

1028-1 AFT 92 93 

1028-2 FWD 88 87 Se 
1028-2 © AFT 77 BA . Fae B aed “oy 


The details of the measurement and computing techniques, targets 
measured and target locations are fully reported in the evaluation report 
published by AFSPPF and are not normally included in this report. 
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SECTION 11 


OBSERVED DATA ) | 


Mission 1028 panoramic camera system produced some of the best 
photography seen to date on the Corona Program. This conclusion was 
reached without the aid of CORN Resolution Targets by using other objects 
of known dimensions. The mobile target at Jefferson City Airport, 
Missouri was degraded by haze to the extent that approximately 16 feet 
was the limit of ground resolution. The fixed targets at Edwards AFB, 
California, were not activated for this mission and were probably re- 
duced in contrast due to dust and sand. No other CORN Targets were 
photographed. 









The MIP frame for mission segment 1028-2 is from the aft camera 
on pass 126D. In the center of the format is the San Fernando Valley of 
California. 1 1/2 inches apart are the Lockheed Air Terminal at Burbank 
and Van Nuys Airport. The standard threshold markers on the Lockheed 
All-weather Runway are oriented in the photo suitable for along-track _ ee se: 
resolution evaluation. The same type markings on the Van Nuys Runway 2 ae a 
are approximately 90° to the other and thus suitable for cross-track =) 22: 4 vite ae 
evaluation. These markers consist of 2 sets. of 4 parallel stripes 12 feet 2 teas oe | 
wide, 50 feet long and a space of 3 feet between stripes, using 40x ae el 
magnification these 3 foot spaces were resolved their entire length by : 
both fore and aft cameras in the along-track direction and by the aft in 
the cross-track direction. Results were not quite as good for the forward 
camera cross-track. This suggests a ground resolution capability of 
approximately 6 feet or 115 L/mm. This corresponds very closely with Se Bee 
the results of pre-flight lo-contrast resolution test results. pee 


By comparing other objects in this MIP frame with similar objects 
in the MIP frame for missions segment 1028-1 and its associated stereo 
frame, as well as other frames where clear air prevailed, nearly uniform 
performance was found throughout the mission. 
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SECTION 12 


' MISSION 1028-1 STELLAR-INDEX CAMERA 


COMPONENT ASSIGNMENT 


Component Serial Number 
Camera : D-77 
Index Reseau : 91 
Stellar Reseau 97 


CAMERA DATA AND FLIGHT SETTINGS 


Stellar Camera: 


Lens 85 mm f/1.8 | 

Exposure Time | 2 seconds , ko 

Filter Type ‘None ” . oe | ee 
Film Type E&éstman Type 3401 | 


Index Camera: 


_ Lens - 38 mm f/4.5 
Exposure Time 1/500 second 
Filter Type Wratten 21 
Film Type Eastman Type 3400 


POST FLIGHT EVALUATION 


Stellar Camera 


The camera was operational throughout the mission and provided 
acceptable imagery for attitude determinations. There were at least 20 
images per frame, however they were double imaged. The first 152 
frames had images of foreign particles, which are assumed to be jettisoned 
fuel particles. 
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Index Camera 


The camera was operational throughout the mission and provided 
good terrain photography. 











SECTION 13 


MISSION 1028-2 STELLAR-INDEX CAMERA 


A, COMPONENT ASSIGNMENT 


Component Serial Number 
Camera ' D-74 
Index Reseau 76 
Stellar Reseau 95 
B. CAMERA DATA AND FLIGHT SETTINGS 
Stellar Camera: 
Lens 85 mm f/1.8 ae 
-_ SS SRE ee 
Exposure Time 2 seconds “ ae . 
CTA hatte a Pre Pe 
Filter Type None eT ae es oe 
- Film Type Eastman Type 3401 | 


Index Camera: 


Lens - 38 mm f/4.5 
Exposure Time 1/500 second 
Filter Type Wratten 21 

Film Type Eastman Type 3400 


C. POST FLIGHT EVALUATION 


Stellar Camera 


The camera was operational throughout the mission. The film 
was partially fogged from head to tail due to the Index camera shutter 
malfunction. The fog was degrading for 3 frames at each camera off 
period. Most images were double and/or smeared, but adequate for 
attitude determination. 
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Index Camera 





The shutter remained open throughout the mission and all 


terrain imagery was lost. 
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SECTION 14 


VEHICLE ATTITUDE 


The vehicle attitude errors for both Mission 1028-1 and 1028-2 were 
derived from the reduction of the stellar camera photography. This attitude’ - 
data is supplied to A/P by NPIC. 


The attitude errors for each frame and the attitude control rates are 
calculated at the A/P computer facility. The computer also plots the 
frequency distribution of the rates and errors. Figures 14-1 through 14-6 
show these distributions for Mission 1028-1 and Figures 14-7 through 14-10 | 
for Mission 1028-2. 


The summary table below lists the maximum attitude errors and rates | 
that were experienced during 90% of the Fwd photographic operations, | 
excluding the first six frames of each operation, and the total range of the 
errors and rates. 


Mission 1028-1 /-. . Mission 1028-2" ie eater 
Value 90% Range | » 20% Range e -_ 
Pitch Error (°) 0.52 -1.35 to+1.00 0.76 1.70 to 40.60 
Roll Error (°) 0.37 -0.40to+0.90 0.52 -0.50to+0.85 
Yaw Error (°) 0.50 -1.00to + 1.10 o- 2s | 
Pitch Rate (/hr.) 36.62 — -70 to + 100 42.7 -85 to +100 i 
Roll Rate ("/hr. ) 28.02 -80 to + 90 25.7 -90 to + 85 | 
Yaw Rate C/hr.) 30. 47 -52 to +64 -- -- | 


The performance of the attitude control system is comparable to the 
control systems used on recent missions. The panoramic photography was 
not degraded by the attitude control system. 
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SECTION 15 


IMAGE SMEAR ANALYSIS 


The frame correlation tape supplied to A/P by NPIC contains the 
binary time word of each frame of photography. A computer program 
has been assembled at A/P which calculates the exposure time of each 
frame and compares the camera cycle rate with the ephemeris to 
calculate the V/h mismatch. This data is combined with the vehicle 
attitude error and rate values of each frame and the crab error caused 
by earth rotation at the latitude of each frame. The program outputs the 
total along track and cross track IMC error and the limit of ground 
resolution that can be acquired by a camera regardless of focal length 
and system capabilities. 


The computer rejects the first six frames of all operations as the 
large V/h error induced by camera start-up is not representative of the 
overall system operations. The frequency distribution of the V/h errors 
and resolution limits are computer plotted and are eanown in Peures:. 15-1 
through 15-10. 7 ‘ es 


% mt 
Je ae eo 


The summary table 15-1 presents the maximum V/h ratio errors and 
resolution limits that existed during 90% of the photographic operations 
and the totel range of values during all operations that were computed. 
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The frame correlation tape supplied to A/P by NPIC contains the 
binary time word of each frame of photography. A computer program : 
has been assembled at A/P which calculates the exposure time of each 
frame and compares the camera cycle rate with the ephemeris to 
calculate the V/h mismatch. This data is combined with the vehicle 
attitude error and rate values of each frame and the crab error caused 
by earth rotation at the latitude of each frame. The program outputs the 
total along track and cross track IMC error and the limit of ground 
resolution that can be acquired by a camera regardless of focal length 
and system capabilities. 


The computer rejects the first six frames of all operations as the 
large V/h error induced by camera start-up is not representative of the 
overall system operations. The frequency distribution of the V/h errors 
and resolution limits are computer plotted and are shown in si ieee 15- “1 
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The summary table 15-1 presents the maximum V/h ratio errors — 
resolution limits that existed during 90% of the photographic operations 
and the tote] range of values during all operations that were computed. 
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SECTION 16 


RADIATION DOSAGE 


Each recovery system flown on a Corona mission contains a sealed 
packet of Eastman Type 3401 and Royal X Pan emulsions to determine . 
the total radiation received at the take-up cassette. Both film types 
have been irradiated by LMSC at various levels and the base ce fog 
densities recorded after controlled processing. 

Following recovery the film dosimeter packets are removed at A/P 
and processed with a pre-flight sample of the same film type and sensito- 
metric control film. The resulting base plus fog density measurement of 
the dosimeter strips is used to ascertain the total radiation level. The 
table below presents the base plus fog readings for the dosimeter strips 
and the radiation level equivalents. 





Mission 1028- 1 Mission 1028-2 
atin a oe ee ee 
Emulsion nsity Radiation . nelty Radiation eds 
Type 3401 0. 16 0.5R (0.18 0.6 z. ee 
Royal X Pan 0.24 0.4R 0.29 0.6R 


The mean total radiation seen by the take-up cassettes during both 
missions was approximately 0.5 roentgens. This level is below the level 
that will degrade the panoramic photography. ope 








Boost eye eee oe 
fy a ers ua -. 
= 1" z ee ie 4 “* 


Panoramic Camera Reliability 


Sample Size - 132 opportunities to operate. . 

One failure - S/I Programmer on System J-19 

Assume ~ 3000 cycles per camera per mission. 

Estimated Reliability = 98.7% at 50% confidence level. , 


Main Camera Door Reliability 


Sample Size - 46 vehicles x 2 doors = 92 opportunities to operate. 
Estimated Reliability = 99. 2% 


Payload Command and Control 
Sample Size - 6966 hours operation in sample > 3 
2 Failures 
Estimated Reliability = 96.4% at 50% confidence level. 

Payload Clock Reliability | . 
Sample Size - 6960 hours operation in sample. 


No Failures : 
Estimated Reliability = 99.0% at 50% confidence level. 





Estimated Reliability of Payload Functioning on Orbit = 96.7% at 


50% confidence level. - : 

. “re Fe 

Recovery System Reliability a 
' $7 opportunities to recover | = 


1 Failure - improper separation due to water seal - cutter failure. 
Estimated Reliability = 97.1% at 50% confidence level. 


Stellar-Index Camera Reliability 


Sample begins with J5 

Sample Size = 16,015 cycles e 
3 Failures 
Estimated Reliability = 90.7% at 50% confidence level. ; 
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Horizon Camera Reliability 


Sample begins with J5A 


Sample Size - 67,500 
Estimated Reliability of Single Camera - 98.5% at 50% confidence level. 


Estimated Reliability of Four Horizon Cameras at a Parallel ’ 
Redundant System = 99, 9% at 50% confidence level. 
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SECTION 18 


SUMMARY DATA 


The comparison of the operating parameters and the performance , 
achieved by previous missions has been difficult due to the large volume 
of data that results from each mission. Some of the pertinent character- 
istics from prior missions have been summarized in Tables 18-1 through 


18-3. 


The summary data was started with Mission 1004 as the J-05 
camera system was the first to incorporate the major modifications of the 
titanium drum and scan arm, four roller scan head and Corona J 
capabilities. Only those missions that culminated in the recovery of 
some photography have been listed, therefore Mission 1003 and 1005 “4 


are deleted. 
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